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ABSTRACT
This study investigated students’ responses to released TIMSS mathematics items 
and considered what those responses might show about participants’ mastery level of 
cognitive areas. The least squares distance method (LSDM) was used in this cognitive 
diagnostic analysis. There were 4,498 8th-grade students from seven geographical 
regions of Turkey who took TIMSS items. In this study, using the responses of Turkish 
students to the released math items of TIMSS-2007, an IRT analysis was also conducted 
to both compare results with international item parameters A Pearson correlation between 
these two sets of item logit positions produced a correlation of r = .82, and this 
correlation represents a high degree of relationship and so overall consistency in item 
logit position.
Results indicated that the majority of the items can be well explained by a set of 
20 attributes (mean MAD = .075; r = .68). As a result of this study, educators in Turkey 
should note that students have weaker knowledge in geometry, graphics, charts, figures, 
rule application in algebra, and data management and stronger skills with.  The results of 
the present study can help teachers and curriculum developers ensure that the utilized 
educational policies and methodologies would help students to improve their cognitive 
mastery levels in general.
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1CHAPTER1
Introduction
Educational assessment has evolved from grading one’s achievement level to 
being diagnostically useful at every step in education (Bolt, 2007). Assessment affects 
grades, placement, advancement, instruction, curriculum, and in some cases, funding. 
Assessment is an integral part of education, as it defines whether the goals of education 
are being met or not. Assessment has extensive influence on educators and leads them to 
address questions such as: "How well are we teaching?", "Are students learning what 
they need to learn?", "Are there other ways to teach better?", “How much funding do we 
need to teach better?”. Assessment, thus, is critical to both evaluating the effects of 
educational programs and also to directing those programs.
Outcomes of education need to meet globally accepted criteria. Students must be 
able to think wisely and critically, to examine in detail, and to make inferences (Gierl, 
2007). Changes in the skills base and the knowledge our students need require new 
learning goals; these new learning goals change the relationship between assessment and 
instruction and so teachers need to be informed regarding both. Teachers need to take an 
active role in making decisions about the purpose of assessment and the content that is 
being assessed (Wiggins, 1998). Kellough and Kellough (2007) stated that there are six
purposes for assessment:
1. To help student learning
2. To identify student’s academic strengths and weaknesses
23. To assess the effectiveness of a specific instructional strategy
4. To assess and improve the effectiveness of curriculum
5. To supply data that can assist in decision making process
6. To communicate with and involve parents.
Turkey has been affected by international changes in educational assessment as 
have other nations. Although the Turkish educational system is affected by its own 
cultural foundations, its geographic location and internal political changes make changes
in the world external to Turkey more influential. In addition, the process of gaining 
membership in the European Union (EU) forces Turkey to take steps to conform to EU 
requirements regarding educational structures and assessment in education. A short 
description of the Turkish educational system is given in the next section.
Education in Turkey
The educational system in Turkey is structured as pre-school, primary, secondary,
and higher education levels as seen in Figure 1.
3Figure 1. Structure of the Turkish Educational System (Age shown on the right) (MONE, 2001).
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4Turkey has a population of over 72 million, estimated to rise to about 82 million 
by 2015. Currently the pre-school education schooling rate is 16% (OOEGM, 2005), and 
an objective of the Ministry of National Education (MONE) was to increase the rate to 
25% by 2010. There are around 13 million students at the formal primary and secondary 
education levels with more than 500,000 teachers (MONE, 2001). Formal education in 
Turkey may be preceded by a non-compulsory pre-school year. 
Compulsory education was increased from 5 to 8 years in 1997. There are more 
than ten million students receiving 8-year primary education in schools with about 
400,000 teachers at that level. The enrollment at this level is approximately 91.9% of the 
relevant age population (UNDP, 2004). Secondary school is not yet compulsory but was 
extended from 3 to 4 years in September 2005. After receiving 8 years of compulsory 
education, students may choose to go to a general high school, which prepares them for 
institutions of higher education, or a vocational/technical high school, which provides 
occupational education. There are around 1.5 million students in general high schools, 
and 820,000 students in vocational/technical high schools. The combined general and 
vocational/technical high school enrolment rate is 73.3% of the age group (UNDP, 2004). 
At the higher education level, there are 95 state universities and 51 private universities 
established by foundations. Entry into tertiary level education is extremely competitive. 
In 2008, some 1.5 million students sat a national examination for about 850,000 places in 
tertiary education institutions, including vocational ones and the Open University. The 
vocational high school graduates may apply to 2-year vocational schools without taking 
the university entrance exam. 
5Institutions of higher education, in total, serve some 1.9 million students. The 
enrollment rate at this level is about 23.8% (UNDP, 2004). The enrollment rate in 
Turkey, when primary, secondary, and tertiary education is combined, is 61%. The 
female overall enrollment is 54%, and the male enrollment is 65% (UNDP, 2004). The 
adult literacy rate, for people aged 15 and over, is 86.5%, the male and female rates being 
94.4% and 78.5%, respectively (UNDP, 2004). 
Education in Turkey is affected by impermanent political solutions. Rather than 
having long-term solutions, running political parties try to save the day. This affects all 
parts of education. Districts have no control over assessment with decisions made based 
on national examinations. Large scale assessments are a critical part of the educational 
system. Students take around six countrywide tests throughout their education which 
have major effects on their lives. 
The results of national research conducted to determine students’ achievement 
(MEB-OBBS, 2002; MEB-OBBS, 2005 and MEB-OBBS,2007) and PISA, TIMSS and 
PIRLS international exams show that Turkish students’ learning outcomes 
were insufficient (MEB-PISA, 2005). Political parties made changes in the educational 
system from the 2005–2006 school year on, with new curricula developed progressively 
for grades 1-5 of the primary school and from the 2006–2007 school year on for other 
grades of primary schools. The new curriculum is based on a constructivist approach.
Knowledge is to be constructed by students. This change in the curriculum also caused 
alterations in content, teaching methods, and instructional materials as well as in 
6assessment. The new curriculum gives the teachers roles and missions different than
those they held before (Gelbal & Kelecioglu, 2009). 
Recently curricula and associated teaching methods have changed, but large scale 
assessments are still traditional and high-stakes. Students have started to take 
performance-based exams during the year. Unfortunately, their performance scores have 
little or no effect on the large scale assessments that they take each year. This leads them 
to take school entrance exams more seriously than their process exams during the year. 
The research has shown that teachers have difficulty using assessment methods according 
to the new instructional programs. They think that they are less qualified in the area of 
measurement and evaluation than in other areas. Also they state that they need education 
about assessment methods (Gozutok, Akgun, & Karacaoglu 2005; Yapıcı & Demirdelen,
2007; Yaşar et al., 2005). A constructivist approach to learning is mandated while high-
stakes examinations are in traditional form. Teachers feel compelled to prepare students 
for high-stakes examinations while also providing instruction for general success in 
education. Identification of the discrete skills necessary to examination success and to 
learning in general would benefit teachers in their quest to educate students.
In this study, data were taken from one of the most respected international exams, 
the Trends in International Mathematics and Science Study (TIMSS-2007), used to assess 
cognitive abilities of 8th graders’ mathematics achievement in Turkey. The purpose of 
this study was to validate cognitive attributes on the released TIMSS-2007 mathematics 
test items with respect to the cognitive attributes developed by Tatsuoka and her 
associates and so to extend use of the Least Square Distance Method (LSDM) to skills 
7and cognitive processes as well as knowledge attributes. The study was specific to 
attribute identification for Turkish students; thus, experts familiar with the educational 
system in Turkey served as experts.
The main goal of this study was to provide information about attributes of TIMSS 
2007 8th grade mathematics results for Turkey to inform teachers in the Turkish 
educational system. Even though TIMSS 2007 has extensive content validity support 
based on MONE’s information given to the test administrators (TIMSS-2007 Technical 
Report, 2008), results show that instruction methods are not adequate as students’ scores 
fall short. This study investigated students’ responses to the released mathematics items 
and then considered what those responses might show about participants’ mastery level 
of cognitive areas. By taking the results to the item level, instructors can see whether the 
mistakes made by participating students in the sample are also mistakes made by their 
own students. So, teachers can focus on those areas in need of more work during their 
instruction to improve cognitive mastery levels of students.
TIMSS-2007
TIMSS was designed to assess trends in students’ mathematics and science 
achievement. TIMSS-2007 is the fourth in a four-year-cycle of assessments (previously 
administered in 1995, 1999 and 2003). It was designed to align with mathematics and 
science curricula in the participating countries. TIMSS results assess the degree to which 
students have learned mathematics and concepts and skills likely to have been taught in 
school. TIMSS tests put an emphasis on questions and tasks that offer insight into the 
analytical, problem-solving, and inquiry skills and capabilities of students. In addition, 
8students, teachers, and school principals in each participating country are asked to 
complete questionnaires concerning the context for learning mathematics and science, so 
as to provide a resource for interpreting the achievement results and to track changes in 
instructional practices. TIMSS-2007 assesses the mathematics and science achievement 
of children in two target populations: fourth grade and eighth grade students (Shen, 
2000).
At the beginning of every TIMSS cycle, a committee comprising curriculum 
experts in mathematics and science from participating countries constructs the framework 
for the coming assessment. This framework should be confirmed by all member countries 
as being representative of their country’s curricula. However, there will always be some 
content that is not covered in the curriculum of every participating country. This is solved 
at the data analysis stage of the project by excluding the items to which a participant 
country objects. This item exclusion rarely has any positive or negative effect on a 
country’s score.
Turkey has participated in two TIMMS studies (1999 and 2007). There were 38 
countries that participated in TIMSS-1999. This was Turkey’s first TIMSS experience. 
According to the 8th grade mathematics results, Turkey placed 31st in the study. The mean 
mathematics score was 500 with a standard deviation of 100. The average score for 
Turkey was 429. The overall international average was 487 (TIMMS-R Turkey Report, 
2003). TIMSS-2007 was the second study in which Turkey participated. The mean 
mathematics score and standard deviation were the same as they were in TIMSS-1999. 
There were 48 countries at 8th grade level and Turkey placed 31st in the study with a score 
9of 432. Turkey’s mathematics score was higher than that of 19 countries, and lower than 
that of 28 countries. For comparison, the United Stated placed 19th in 1999 and 9th in 
2007; China placed 3rd in 1999 and 3rd in 2007.
The quality of the TIMSS exam is supported by experts in the area of educational 
measurement and evaluation. In most of the participating countries, the TIMSS studies 
have had political and educational effects. Opportunities are presented to compare results 
across countries. In other words, participants can see how badly or how well they do 
worldwide. All of the TIMSS studies have had scientific impact (Tatsuoka, Corter & 
Tatsuoka, 2004). It is important to participate in all four-year cycles to see the 
development of a country in educational basics; however, Turkey participated in only two 
of the exams at 8th grade and not 4th grade level, which shows the effect of political 
decisions on the Turkish educational system. Politicians appoint the people who are in the 
position of decision making. Newcomers do not continue with recent changes. They to 
change the system to correspond with what they think would be most successful.
The general framework for the TIMSS-2007 test of mathematics has two 
dimensions. The first is related to content and the second is related to cognition. There
were three domains in mathematics at Year 4 and four at Year 8 in the content dimension. 
And, there were three cognitive domains in each curriculum area: knowing, applying, and 
reasoning. Both of the dimensions and their domains were the bases of the mathematics 
test. The content domains defined the specific subject matter covered by the assessment, 
and the cognitive domains defined the sets of skills expected of students as they engage 
with the content (Martinez, 2001).
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Reliability and validity were concerns of TIMSS developers. The organization has 
procedures to ensure that the tests are reliable. Test construction is accompanied by 
specific instructions and assessment procedures. The test is developed with good quality 
items to provide reliable measurement. It is important to ensure that the results are not 
impacted by outside effects. Because reliability is not enough for good quality 
measurement, an effort also is directed to assessing the validity of the tests. The validity
of test items includes unified agreement in mathematics and science for both 4th- and 8th-
grade students. Agreement means that the items included in the tests measure those 
agreed-upon elements of mathematics and science (TIMSS-2007 Technical Report, 
2008). For extensive information regarding the reliability and validity of the TIMSS-
2007, see the TIMSS-2007 Technical Report. The TIMSS-2007 items were assembled 
into 14 blocks of mathematics items and 14 blocks of science items, and then the blocks 
were assembled into 14 booklets, each one including 2 blocks of mathematics items and 2 
blocks of science items assembled according to a rotated design. Each student had 45 
minutes of test-taking time for each part at the 8th-grade level (TIMSS-2007 Technical 
Report, 2008).
A cognitive diagnostic model was used for validation of TIMSS 8th grade 
mathematics items. To better understand the idea behind the model, a review is given 
below.
Cognitive Diagnostic Assessment (CDA)
One of the most important concerns in education systems is summative 
assessment, which evaluates the student after instruction. In order to have powerful, 
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effective, and meaningful summative assessment, evaluation should also be formative, 
which means it has to support teaching and learning processes with results (DiBello & 
Stout, 2007). An ideal assessment would not only be able to meet precise psychometric 
standards, but would also be able to provide specific feedback about how students learn 
and what attributes they need to achieve goals. 
Diagnostic assessment is a form of examination of the cognitive processes 
necessary to successful task completion, because it supplies specific information about
each attribute students need to master instead of a single score result (McGlohen, 2004). 
Traditional assessment determines what an individual has learned, but not what s/he has 
the capacity to learn (Embretson, 1983). A good diagnostic assessment provides good 
quality feedback. In other words, it shows how effective instruction and the curriculum or 
program is.
From a cognitive point of view “feedback is regarded as a source of information 
necessary for verification, elaboration, concept development, and meta-cognitive 
adaptation” (Narciss, 1999, p. 3). Guskey (2001) emphasizes that feedback should be 
diagnostic, prescriptive, and appropriate to the students’ level of learning. Useful 
feedback comes from a constructive and objective appraisal of performance. It is given to 
improve a student’s behavior or skills. It can be formative in nature for the purpose of 
modifying the learner’s behavior or it may be a summative evaluation, in which a 
judgment is made about performance and for comparisons among learners (Bienstock et 
al., 2007). According to Altun (2001), feedback has two important functions in education;
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a. It shows the gap between what a student learned and what s/he was 
supposed to learn.
b. It helps to fill the gap between these two dimensions.
In western education systems process evaluation is a large part of assessment. Ma, 
Çetin, and Green (2009) argue that, for better evaluation of learning, evaluators need to 
focus on the learning processes of individuals with stated performance outcomes. To 
evaluate learning processes, educational researchers have been studying the interplay of 
cognitive psychology and educational assessment for last 30 years. Educators, cognitive 
psychologists, and psychometricians have been engaged in diagnostic assessments of 
students’ learning skills and which attributes they use during assessment processes 
(Birenbaum & Tatsuoka, 1993). Educational tests should characterize aspects of learning 
and return information to the system. They should be diagnostic (Baek, 1994).
The current Turkish examination system is based on the idea of selecting 
participants for opportunities in the educational system. According to the Higher 
Education Committee (YOK) and Student Selection and Placement Center (OSYM), 
students from cities on the west side of Turkey are more successful than those on the east 
side of Turkey. Large-scale exams select students based on the knowledge they gained in 
private teaching institutions in Turkey. Even though students need content knowledge to 
pass the exams, knowledge of test taking skills is seen as more important than content 
knowledge. The knowledge referred to here is test techniques rather than knowledge 
gained through learning the curricula. Students try to master test-taking techniques which 
has no effect on their cognitive development.
13
CDA methods have been used to structure instruction to help individuals succeed 
in educational opportunities, rather than selecting them for those opportunities (Stiggins, 
1991). A brief explanation of the development of CDA is given below.
One of the first cognitive diagnostic models was Fischer’s Linear Logistic Test 
Model (LLTM), created in 1972. The LLTM is an extension of the basic Rasch model to 
take into account the cognitive steps needed for correct item response. In the LLTM, the 
Rasch item difficulty is computed as a sum of discrete cognitive attribute-based 
difficulties. The point of the LLTM that makes it appropriate for diagnostic assessment is 
that the item difficulty is the composite of the influences of the basic cognitive levels, or 
“factors,” critical for properly solving an item (Fischer, 1972). 
The rule space methodology (RSM) was developed by Tatsuoka and her 
associates (1983), and comprises two parts. The first part involves determining the 
relation between the items of a test and the attributes that they are assessing. Each 
participant may or may not hold a mastery-level understanding of each attribute. The set
of attributes which are mastered and not mastered by an individual participant are 
described in an attribute vector, which is also known as a “knowledge state.” 
The description of which items measure which attributes is shown in a Q-matrix. 
A Q-matrix is sometimes alluded to as an incidence matrix, but it is not used in this form
in CDA. The Q-matrix is a [K x n] binary matrix, where K is the number of attributes to 
be measured and n is the number of items on the test. For a given element of the Q-matrix 
in the kth row and the ith column, a one indicates that item i does indeed measure 
14
attribute k and a zero indicates it does not. Figure 2 provides an example of a 3x3 Q-
matrix:
i1 i2 i3
k1 1 1 0
Q = k2 0 0 0
k3 1 0 1
Figure 2. Sample Q-matrix.
The first item in the above Q-matrix shows that students who mastered first and 
third attributes should have correct responses to item one. For a correct response to item 
two students should master the first attribute. A correct response to item three means they 
should have mastery of attribute three. Attributes which are not necessary for a correct 
response to the item are shown by zeros that meaning students do not need to master 
those attributes to correctly respond to that item. Expert consultation in the content area is 
a way to build the structure of the Q-matrix to determine if an item measures a specific
attribute (see Appendix). Some other ways to build the structure of the Q-matrices can be
borrowing from the test blueprint or subjectively evaluating each item to draw 
conclusions about which attributes are being measured (Tatsuoka, 1983).
DiBello, Stout, and Rousses (1995) established a new approach, the unified 
model, based on the rule space method. They tried to fix one of the fundamental 
problems of the rule space approach. In the unified model, the source of random error is 
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separated into different four types of systematic error. They looked at the possible 
sources of random errors and divided them into four different groups. The fusion model 
was founded on the unified model (Hartz, Roussos, & Stout, 2002) which, in other words, 
was based on Tatsuoka’s rule space method (DiBello, Stout, & Roussos, 1995). The 
fusion model includes the advantages of the unified model while decreasing the number 
of parameters so that they can be more statistically recognizable. The unified model has 
2Ki+3 parameters for each item, while the fusion model only has K+1 (where K is the 
number of attributes).
Although interest in cognitive assessment has increased in past decades, 
traditional analysis methods still have a strong effect on mathematics education 
(Tatsuoka, Corter, & Tatsuoka, 2004). Given current issues related to differences in 
students’ learning characteristics, effective sampling across the curricula, and recent 
emphases on measuring cognitive abilities, traditional mathematics tests debatably do not  
validly assess student abilities (Watt, 2005). According to Polya (1954), students should 
always be trying to understand problem-solving methods in mathematics. Polya’s 
theories about instruction and mathematical thinking are still accepted today and 
supported by substantial data (Pressley, 1995). Referring to Polya’s theories, CDA 
methods assess what mastery levels students should achieve during their mathematics 
instruction. 
There are different cognitive assessment models in learning and teaching 
mathematics (Dogan & Tatsuoka, 2008; Duval, 2006; Küchemann, 1981; Tatsuoka et al.,
16
2004). Several studies have applied CDA to mathematics items. Their results are 
summarized in the following section.
Cognitive Diagnostic Assessment of Mathematic Items 
Tatsuoka, Corter, and Tatsuoka (2004) examined TIMSS-R math items across 20 
countries. Their results showed that high-achieving countries in the eighth-grade TIMSS-
99 mathematics assessment showed their level of performance in different ways. Students 
in high achieving countries mostly had higher level thinking skills. Although higher level 
skills are very important for students to master in order to succeed at school or 
employment in science and technology fields, students in the industrialized countries that 
were not in the highest achieving cluster of the study tended to show poor scores in these 
higher level mathematical thinking skills.
In addition, Chen, Gorin, Thompson, and Tatsuoka (2006) conducted a cognitive 
diagnostic assessment of TIMSS-99. They used three analyses, including calculation of 
classification rates, multiple regression analyses, and comparisons of attribute mastery 
probabilities across four booklets. In general, a list of cognitive attributes and the 
incidence matrix used for the rule space model in the study predicted the performance of 
Taiwanese eighth graders on the TIMSS-1999 mathematics tests very well.
Dogan and Tatsuoka (2008) examined Turkish students’ mathematics 
performance on TIMSS-R. Their study was conducted using the RSM. They used a Q-
matrix that included a set of 23 attributes. Results showed that when compared to the
American students, Turkish students were poor in mastering attributes such as P10 
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(quantitative reading), S4 (approximation/estimation), S6 (patterns and relationships),
and S10 (solving open-ended problems).
Ma, Çetin, and Green (2009) studied a Turkish national assessment of eighth-
grade students’ performance in math administered in 2005. They used Tatsuoka and her 
associates’ attributes to examine the validation of the test via the least squares distance 
method (Dimitrov, 2007). They found that many attributes predictive of the item 
difficulties from the Rasch model were beyond the students’ abilities. The given time for 
students to complete the 25- item test was short. Furthermore, their results suggest that 
the students at lower ability levels might guess at some attributes. Overall, they also 
found item difficulties to be strongly predicted from the set of attributes used.
The results of the studies mentioned above are consistent, since they all used 
Tatsuoka’s attributes. Mostly, their results are based on the subjective judgement of 
experts leading to the development of the Q-matrices. Generally speaking, studies that 
used the same data can yield different results because of use of different Q-matrices.
For the purpose of this study, a relatively new approach to cognitive diagnostic 
analysis called the Least Squares Distance Method (LSDM) was used to explore the 
validation of cognitive attributes on the released TIMSS-2007 mathematics test items 
with respect to the cognitive attributes developed by Tatsuoka and her associates. This 
approach has not been used previously with TIMSS items. The intent of this study was to 
extend use of the LSDM to skills and cognitive processes as well as knowledge attributes, 
specific to attributes as identified by Turkish education experts. 
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Least Squares Distance Method
The least squares distance method (Dimitrov, 2007) uses the item parameters of 
binary test items, gained in the framework of item response theory (IRT), to (a) validate 
cognitive attributes that underlie item responses and (b) assess the probability of correct 
processing of such attributes across levels of the scale. The LSDM is a conjunctive model 
in which a correct answer on a test item requires mastery of all cognitive attributes 
associated with that item. The cognitive attributes for all test items are outlined in a Q-
Matrix, where a “1” shows an attribute is needed for an item and a “0” means an attribute 
is not needed. The basic assumption with LSDM is that, theoretically, the probability of 
correct item response is equal to the probability that all required attributes are correctly 
applied; which is,
( )[ ]
jkqK
k
ikij APP Õ
=
==
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1q (1)
where
Pij is the probability of correct response on item j at ability level θi, 
P(Ak =1| θi) is the probability of correct answer on attribute Ak at ability 
level θi ,
and qjk is a 0 or 1 element of the Q-matrix for item j and attribute Ak .
Formula 2 is produced by taking the natural logarithm of both sides of Formula 1: 
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Then, Formula 2 is simplified to: 
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L = QX          (3)
where
L is the vector with known elements ln Pij,
Q is the Q-matrix,
           and X is the vector with unknown elements ln P(Ak =1| θi).
According to Dimitrov, generally speaking, Equation 3 does not have exact 
solutions since it is “overdetermined”—the number of equations [i*j] is greater than the 
number of unknowns [k*i]” (p. 372). To solve this problem, LSDM is used to minimize 
the Euclidean norm of the vector ||QX - L||. For a participant with ability level θi, the 
probability of a correct answer on attribute Ak is P(Ak =1| θi) = exp(Xk). Item probabilities 
are recovered from the attribute probabilities P(Ak =1| θi) across ability levels. The 
graphical image of this probability across ability levels shows the probability curve for 
cognitive attribute Ak.  The Rasch item characteristic curve (ICC) is represented by the 
recovered item probabilities (Prec), or the recovery curve. The ICC recovery compared to
LSDM provides information about how well the required attributes describe the item 
across ability levels. The mean absolute difference (MAD) between the LSDM curve and 
the ICC provides for validation of attributes for each item across ability levels. 
MAD equal to 0.0 would indicate perfect ICC recovery. According to Dimitrov 
(2007), a classification for level of ICC recovery was developed: “(a) very good (0.00 ≤
MAD < 0.02), (b) good (0.02 ≤ MAD < 0.05), (c) somewhat good (0.05 ≤ MAD < 0.10), 
(d) somewhat poor (0.10 ≤ MAD < 0.15), (e) poor (0.15 ≤ MAD < 0.20), and (f) very 
poor (MAD ≥ 0.20).” (p. 373). These criteria were applied in this study. 
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Moreover, Dimitrov (2007) pointed out an interpretation of the LSDM results 
with respect to heuristic criteria for validation of cognitive attributes: “(1) The smaller the 
LSD…, the better the cognitive attributes hold together (jointly for all items) at this 
ability level; (2) The attribute probability curves (APCs) should exhibit logical and 
substantively meaningful behavior in terms of monotonicity, relative difficulty, and 
discrimination; (3) The better the ICC recovery for an item, the better the required 
attributes explain the item” (pp. 372-373).
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CHAPTER 2
Method
Participants
Released items and Turkish students responses to TIMSS-2007 in mathematics 
administered in 2007 were used in this study. There were 4,498 8th-grade students from 
seven geographical regions of Turkey. There were 14 booklets which were randomly 
assigned to students (see Table 1). Booklets contained at least one released item. Since 
there are limited numbers of released items which were repeated in different booklets, all 
booklets were used in this study.
Table 1
Booklet Assignments to TIMSS-2007 Examinees in Turkey
Booklet Number Number of Students
Booklet 1
Booklet 2
Booklet 3
Booklet 4
Booklet 5
Booklet 6
Booklet 7
Booklet 8
Booklet 9
Booklet 10
Booklet 11
Booklet 12
Booklet 13
Booklet 14
314
320
314
320
320
331
327
315
324
324
325
323
325
316
The study used data from 2,093 female students with a mean age of 13.96. There were 
2,405 male students with a mean age of 14.09 (see Table 2).
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Table 2
Gender and Age of TIMSS-2007 Examinees
Gender Count Mean Age
Girl
Boy
2093
2405
13.96
14.09
A Q-matrix was developed by two Turkish speaking mathematics teachers and the 
author of this paper. All of the experts have bachelor’s degrees in teaching. All experts 
were male. Two of them work as mathematics teachers in the U.S. The ages of experts 
are 27, 35 and 30. The author of this paper has three years of teaching experience in 
Turkish schools. The other two experts have also teaching experience of three and five 
years.
Instrument
The TIMSS-2007 for 8th grade consisted of 179 questions which includes 96 
multiple-choice questions in 14 different booklets. There were only 51 multiple-choice 
items released. No information was found about why TIMSS administrators released only 
those items. Two of the items were dropped since they did not provide any variation at all
in student responses (i.e., all students answered correctly or all answered incorrectly). 
The final dataset was based on 49 items. For the Q-matrix, only released multiple-choice 
items were used. This test covered content domains of numbers, geometric shapes and 
measures, and data display. The cognitive domains included in the exam were knowing, 
reasoning, and applying. Two examples of the released items for this exam are displayed 
in Figures 3 and 4 below:
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Figure 3. Sample item (TIMSS-2007 Technical Report, 2008)
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Figure 4. Sample item (TIMSS-2007 Technical Report, 2008)
Procedure
An institutional review board application was submitted prior to the study. Since 
the data are publicly available, the IRB committee decided that there was no need for a
committee review on 06/10/2010.
TIMSS-2007 was administered to approximately 425,000 students from 59 
countries around the world. Developing the TIMSS tests for 2007 was a cooperative 
project including experts from the participating countries. The TIMSS and PIRLS 
International Study Center started the process with an item-writing workshop for the 
National Research Coordinators from the participating countries and their colleagues. 
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Countries then submitted items that were reviewed by mathematicians. Participating 
countries pre-tested the items with samples of students. Additionally, all of the new items 
were reviewed by the TIMSS-2007 Science and Mathematics Item Review Committee of 
subject area experts (TIMSS-2007 Technical Report, 2008). After conducting the test in 
each participating country, data were released on the official website of TIMSS. Data 
used in this study were taken from the internet release of item statistics and item 
responses. Item parameters were also reported by the TIMSS organization. 
A Q-matrix was developed by the experts. Released multiple choice items were e-
mailed to the experts with an excel form of the Q-matrix to complete that included the 
cognitive attributes developed by Tatsuoka and her associates. The interrater reliability 
was .68. Most of the disagreement centered on the process attributes. After collecting 
independent judgments, a final meeting was organized to discuss the final version of the 
Q-matrix. At that meeting, agreement on the Q-matrix was negotiated.
Analysis
A Q-matrix of cognitive attributes (see Appendix) of each item was developed
based on Tatsuoka and her associates’ classification of cognitive attributes (K. Tatsuoka, 
Corter, & C. Tatsuoka, 2004). The Q-matrix includes 27 attributes divided into the three 
categories of content, process, and skill. Cognitive attributes which are represented by all 
items or not represented by all items were not used since they would provide no variation. 
The final version of the Q-matrix included 20 attributes. To ensure the consistency of the 
subjective judgment of attributes, the cognitive attribute matrix was developed based on 
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the independent identifications of two Turkish mathematics teachers and the author of 
this paper.
A correct answer on an item means that a student has mastered all attributes 
required, within a margin of error. In order to examine the validity of the Q-matrix, a 
linear regression analysis was conducted to see if the Q-matrix could explain item 
difficulty. This study also compared item parameters for Turkish students to the item 
parameters from the international data. The overall IRT parameters were taken from the 
official web site of TIMSS-2007 and parameters for Turkish students were obtained via 
use of Winsteps (Linacre, 2007) Item parameters were correlated and a scatterplot 
constructed to identify items that had distinctly different positions for the Turkish and 
international data.
The probability of correct response was calculated via the WINSTEPS program 
for each item for Turkish students (Linacre, 2007). Obtained results were used to perform 
the LSDM. The individual attribute probabilities and the average LSDs for the 49 items 
across ability levels were estimated using the MATLAB computer program (The 
MathWorks, Inc., 2005). Finally, the mean absolute difference between the ICC and the 
LSDM recovery curve for each item was calculated to validate the cognitive attributes.
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CHAPTER 3
Results
Item Parameter Comparison
Using the responses of Turkish students to the released math items of TIMSS-
2007, an IRT analysis was conducted to both compare results with international item 
parameters and to use for LSDM analysis. It was hypothesized that the item parameters 
for Turkish students would be related to the item parameters for the international data. To 
test this hypothesis, for the released 49 items, WINSTEPS analysis results for Turkish
students and item parameters from the official website of TIMSS were used. TIMSS 
administrators did not report an item parameter for some of the items. Because of this, 
only released overall item parameters were used in the analysis. There were some items 
which were statistically significantly different at p < .01 in logit position such as items 1
(t =5.69), 25 (t =7.35), and 37 (t =8.45).
A Pearson correlation between these two sets of item logit positions produced a 
correlation of r = .82, and this correlation represents a high degree of relationship and so 
overall consistency in item logit position.  Both overall item parameters and Turkish 
students’ item parameters are given in Table 3.
Cognitive Attributes Matrix
Based on the author and two experts’ independent identifications the cognitive 
attribute matrix was developed. The overall agreement level was 68%. After having a 
final meeting, three judges agreed on the final version of the Q-matrix. Seven attributes 
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(P5, P6, S4, S5, S8, and S10) which were in the original classification of cognitive 
attributes were deleted because no items required the attributes. One more attribute (S11) 
was excluded because it was present in all items. The last version of the cognitive 
attribute matrix had 6 content, 8 process, and 6 skill attributes, or 20 total attributes (see 
Table 3).
A correlation analysis was run to see the relationship between attributes. There 
were some statisticially significant relationships between some of the attributes. The 
relationship between attributes C1 (Basic concepts and operations in whole numbers and 
integers) and P9 (Management of data and procedures) was statisticially significant (r = 
.43,  p < .05). Additionally, the conducted Pearson correlation test produced a correlation 
of r = ..62 between C1 (Basic concepts and operations in whole numbers and integers) 
and C4 (Basic concepts and operations in two-dimensional geometry), and this 
correlation was also significant (r = .62,  p < .05). Moreover, for attributes P7 
(Generating, visualizing, and reading figures and graphs) and S3 (Using figures, tables, 
charts, and graphs) the Pearson correlation was high and statistically significant (r = .89, 
p < .05). From this results, we can conclude that some attributes are comprising each 
other. We can also say in order to master one attribute, one needs to master another 
attribute.
A multiple regression analysis showed that most of the variance in item 
difficulties was accounted for by the identified cognitive attributes; however as can be 
seen from Table 3, none of the individual attributes was statistically significant. The 
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estimates of R2 and adjusted R2 were .65 and .42, respectively. Identified cognitive 
attributes account for approximately 65% of the variation in item difficulties.
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Table 3
Item Difficulty and the 20 Initial Attributes for the 49 Items
Content Attributes Cognitive Process Attributes Skill Attributes
Item
Item
Difficulty
Int.
Item
Difficulty
Turkey C1 C2 C3 C4 C5 C6 P1 P2 P3 P4 P7 P8 P9 P10 S1 S2 S3 S6 S7 S9
1 0.12 -0.45 1 1 0 0 0 1 0 1 1 0 0 0 1 1 0 0 1 1 1 1
2 0.95 0.42 1 1 1 0 0 0 1 1 1 1 1 1 0 1 0 1 1 0 0 1
3 -0.35 -1.08 1 1 1 0 0 0 1 1 1 0 1 1 0 0 1 1 1 1 0 1
4 0.55 -0.17 1 1 1 0 1 0 1 1 0 1 1 1 0 0 1 0 0 0 0 1
5 0.63 0.63 0 0 1 1 0 1 0 1 1 0 0 0 1 1 1 1 0 0 1 1
6 0.097 -0.4 1 1 1 0 0 0 1 1 1 1 1 1 0 1 0 1 1 0 0 0
7 - -0.95 1 0 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0
8 - -0.56 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0
9 - 0.99 0 1 1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
10 - 0.70 1 1 1 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 1
11 - -0.59 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0
12 - 1.09 0 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 1 0
13 - 0.14 0 0 1 1 0 1 1 1 1 0 0 0 1 1 0 1 0 0 1 1
14 - -0.86 0 0 0 1 0 0 0 0 1 1 1 0 1 0 0 1 1 0 1 0
15 - -1.89 1 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 0 1 1 0
16 -0.19 0.26 0 1 1 0 1 0 0 0 1 1 1 0 0 1 1 0 0 0 1 0
17 -0.50 -1.11 1 0 1 0 1 0 0 0 1 0 1 0 0 1 1 1 1 0 0 1
18 -0.49 0.01 0 1 1 0 0 0 0 1 1 1 1 0 0 0 0 1 0 1 0 0
19 0.70 0.68 0 0 0 1 0 1 0 0 1 0 1 1 1 0 1 0 1 1 1 0
20 0.20 0.30 0 1 1 1 0 1 1 1 0 0 1 1 1 0 0 0 0 1 1 1
21 -0.68 -0.90 0 0 0 0 1 1 0 1 0 0 1 1 1 1 1 0 1 0 1 0
22 1.13 0.91 0 1 1 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 1
23 -0.93 -1.89 1 0 1 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 1
24 -0.01 -0.68 1 1 1 0 0 1 1 0 1 0 1 1 0 0 1 0 0 1 0 1
25 0.31 -0.48 1 0 1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 1 0 0
26 -0.15 -0.63 0 0 1 1 0 1 0 1 1 0 0 0 1 1 1 0 0 0 1 1
27 - -1.45 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0
28 - 0.20 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
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29 - 0.82 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0
30 - 0.28 0 0 1 0 0 1 0 0 1 0 1 0 1 0 1 0 0 1 0 0
31 - 0.39 1 0 1 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0
32 - 1.53 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0
33 - 1.13 1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0
34 - 0.11 0 0 0 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0
35 - 0.64 0 0 1 1 0 1 1 1 1 0 0 0 1 1 0 1 0 0 1 1
36 - 0.03 1 0 1 0 1 0 0 0 1 0 1 0 0 1 1 1 1 0 0 1
37 1.05 -0.43 0 1 1 0 0 0 0 1 1 0 0 1 1 0 1 0 1 1 0 1
38 0.64 0.79 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0
39 0.03 0.37 0 0 1 1 0 1 0 1 1 0 1 0 1 0 1 1 1 0 1 0
40 0.64 0.64 0 1 1 0 1 0 0 0 1 1 1 0 0 1 1 0 1 0 1 0
41 0.89 0.25 0 1 1 0 0 0 0 1 1 1 0 0 0 1 1 1 0 1 0 0
42 1.23 1.09 0 1 1 0 0 0 0 1 0 0 1 0 0 0 0 1 1 0 0 1
43 -0.23 -1.17 0 0 1 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 1 1
44 0.05 -1.11 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0
45 0.53 -0.09 0 0 1 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 0 1
46 1.30 0.43 0 0 1 1 0 1 1 1 0 1 0 1 0 1 1 0 1 0 1 0
47 0.51 0.81 0 0 1 1 0 1 1 1 0 0 1 0 1 0 0 1 1 0 1 1
48 -0.15 0.03 0 0 1 0 0 0 0 1 1 1 0 1 1 0 0 1 1 0 1 0
49 0.91 1.22 1 1 1 0 0 0 0 1 0 1 1 0 0 0 1 1 1 1 0 1
Regression 
Coefficients
b -.49 -.12 .17 .17 -.41 .59 -.34 .09 .01 .45 .07 -.12 -.91 -.44 -.27 -.26 .32 -.40 .17 .35
p .22 .77 .75 .75 .43 .20 .44 .87 .99 .23 .87 .75 .18 .24 .42 .46 .37 .28 .71 .42
β -.28 -.07 .07 .09 -.17 .32 -.18 .05 .01 .27 .04 -.07 -.54 -.26 -.17 -.16 .19 -.24 .11 .21
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The LSDM was conducted across 17 ability levels in the interval from −4.0 to 
4.0, with an increment of 0.5 on the logit scale. The 20 attributes were applied more
accurately and consistently by higher ability examinees. The LSDM estimates of the 
probabilities of correct performance on each attribute across ability levels are presented 
in Table 4. The attribute probability curves (APCs) monotonically increase across the 
ability levels and provide information about the relative difficulty and discrimination of 
the 20 attributes. C4 (basic concepts and operations in two-dimensional geometry) was 
the most difficult attribute because its APC was consistently below the other APCs across 
all ability levels. Other attributes can be put in order (in increasing difficulty) as follows: 
C1, C5, P1, P3, P8, P10, S1, S9, C3, C2, S2, P9, C6, S7, P2, P7, S6, P4, S3, and C4.
33
Table 4
Estimates of Probability for Correct Performance on 20 Abilities across 17 Ability Levels
Content Attributes Cognitive Process Attributes Skill Attributes
Ability
Level LSD’s C1 C2 C3 C4 C5 C6 P1 P2 P3 P4 P7 P8 P9 P10 S1 S2 S3 S6 S7 S9
-4.00 0.136 1.000 1.000 1.000 0.168 1.000 0.804 1.000 0.421 1.000 0.265 0.393 1.000 0.869 1.000 1.000 0.907 0.198 0.391 0.596 1.000
-3.50 0.127 1.000 1.000 1.000 0.180 1.000 0.795 1.000 0.443 1.000 0.293 0.446 1.000 0.988 1.000 1.000 0.952 0.233 0.446 0.663 1.000
-3.00 0.118 1.000 0.977 1.000 0.199 1.000 0.800 1.000 0.479 1.000 0.321 0.505 1.000 1.000 1.000 1.000 0.976 0.278 0.564 0.775 1.000
-2.50 0.109 1.000 0.941 1.000 0.221 1.000 0.816 1.000 0.521 1.000 0.357 0.571 1.000 1.000 1.000 1.000 0.909 0.336 0.676 0.896 1.000
-2.00 0.100 1.000 0.924 1.000 0.253 1.000 0.850 1.000 0.564 1.000 0.404 0.634 1.000 1.000 1.000 1.000 0.996 0.409 0.789 1.000 1.000
-1.50 0.089 1.000 0.925 1.000 0.313 1.000 0.919 1.000 0.617 1.000 0.470 0.698 1.000 1.000 1.000 1.000 0.983 0.500 0.882 1.000 1.000
-1.00 0.078 1.000 0.948 1.000 0.392 1.000 0.945 1.000 0.673 1.000 0.533 0.751 1.000 1.000 1.000 1.000 0.966 0.602 0.943 1.000 1.000
-0.50 0.065 1.000 0.980 0.578 0.514 1.000 1.000 1.000 0.740 1.000 0.640 0.800 1.000 1.000 1.000 1.000 0.937 0.705 0.972 1.000 1.000
0.00 0.053 1.000 1.000 0.743 0.654 1.000 1.000 1.000 0.808 1.000 0.734 0.850 1.000 1.000 1.000 1.000 0.921 0.797 0.975 1.000 1.000
0.50 0.041 1.000 1.000 0.876 0.785 1.000 1.000 1.000 0.873 1.000 0.822 0.901 1.000 1.000 1.000 1.000 0.924 0.873 0.972 1.000 1.000
1.00 0.030 1.000 1.000 0.958 0.885 1.000 1.000 1.000 0.928 1.000 0.889 0.944 1.000 1.000 1.000 1.000 0.940 0.930 0.973 1.000 0.991
1.50 0.021 1.000 1.000 0.990 0.945 1.000 1.000 1.000 0.963 1.000 0.938 0.972 1.000 1.000 1.000 1.000 0.962 0.965 0.981 1.000 0.992
2.00 0.014 1.000 1.000 0.999 0.975 1.000 1.000 1.000 0.983 1.000 0.969 0.987 1.000 1.000 1.000 1.000 0.979 0.983 0.989 1.000 0.996
2.50 0.009 1.000 1.000 1.000 0.989 1.000 1.000 1.000 0.993 1.000 0.986 0.945 1.000 1.000 1.000 1.000 0.990 0.993 0.995 1.000 0.998
3.00 0.006 1.000 1.000 1.000 0.995 1.000 1.000 1.000 0.997 1.000 0.994 0.998 1.000 1.000 1.000 1.000 0.996 0.997 0.998 1.000 0.999
3.50 0.004 1.000 1.000 1.000 0.998 1.000 1.000 1.000 0.999 1.000 0.997 0.999 1.000 1.000 1.000 1.000 0.998 0.999 0.999 1.000 1.000
4.00 0.002 1.000 1.000 1.000 0.999 1.000 1.000 1.000 0.999 1.000 0.999 1.000 1.000 1.000 1.000 1.000 0.999 0.999 0.100 1.000 1.000
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The APCs obtained with these probabilities are graphed in Figure 5. C4 was the 
most difficult attribute (the lowest curve), followed in decreasing difficulty by S3, P4, P2, 
P7, S6, S7, C6, P9, S2, and C2. All the other attributes have similar difficulty values. For 
example, the probability of correct performance on C4 at the ability level y=0 was .654
(see Table 4). That is, the likelihood of examinees with ability at the origin of the logit 
scale to correctly process geometrical operations in two dimensional geometry (C4) was
65.4 %. For the same examinees, the likelihood to correctly process algebra operations in 
elementary algebra (C3) was higher (74.3%). 
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Figure 5. Attribute Probability Curves
For each item, the mean absolute differences for the ICC recovery across ability 
levels are given in Table 5. Graphically, the ICC recovery is presented (Figure 5) for four 
examples of items (47, 40, 19, and 17) with differing MAD levels. According to 
Dimitrov’s criteria, item 47 is in the category of very good with a MAD of .017,  item 40 
is in the category of good with a MAD of  0.036, item 19 is in the category of somewhat 
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good with a MAD of .060 and item 17 is in the category of somewhat poor  with a MAD 
of .14. With the conventional rule for degree of ICC recovery described earlier in the 
LSDM section of this paper, the examination of all 49 graphs for ICC recovery and their 
MAD values revealed that the ICC recovery was very good for four items (20, 36, 41, 
and 47), good for 16 items (1, 2, 5, 11, 13, 16, 24, 25, 28, 31, 34, 35, 39, 40, 45, and 46), 
somewhat good for 15 items (4, 7, 10, 18, 19, 21, 22, 29, 30, 33, 37, 38, 42, 48, and 49), 
somewhat poor for eight items (6, 8, 9, 12, 17, 26, and 27), poor for four items (3, 14, 43, 
and 44) and very poor for two items (15 and 23). Generally speaking, such diagnostic 
information on ICC recovery can be particularly useful in validating math sub-skills for 
students.
Figure 6. Item Characteristic Curve Recovery with the LSDM for Four Sample Items
36
Overall, the findings indicate that the 20 attributes relate to difficulties in 
mathematical skills of students (Mean MAD = .075). The mean MAD value suggests that 
overall item recovery is somewhat good based on the Dimitrov’s criteria. For this reason, 
the APCs of the 20 attributes provide valuable information in terms of their difficulty (see 
Figure 5). But the results for ICC recovery suggest that there is room for improvement 
regarding the set of attributes and their links to items in the Q-matrix. Indeed, using
Dimitrov’s criteria compared to the MAD values of items in Table 5, 35 items have very 
good, good, or somewhat good ICC recovery while 14 items do not. According to these 
results, it might be said that the Q-matrix can be improved to get better results since 14 
items were not well-recovered; for example, see the location of Items 47 and 17 in Figure 
6 above (p. 33).
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Table 5
Absolute Differences for Item Characteristic Curve Recovery with the Least Squares Distance Method
Ability (logits)Item
-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 MAD
1 0.024 0.006 0.013 0.030 0.067 0.143 0.282 0.479 0.683 0.834 0.922 0.965 0.985 0.993 0.997 0.999 1.000 0.043
2 5.403 0.001 0.003 0.007 0.016 0.037 0.082 0.173 0.329 0.534 0.729 0.863 0.936 0.972 0.988 0.995 0.998 0.024
3 0.007 0.016 0.037 0.082 0.173 0.329 0.534 0.729 0.863 0.936 0.972 0.988 0.995 0.998 0.999 1.000 1.000 0.173
4 0.002 0.003 0.008 0.019 0.043 0.094 0.196 0.363 0.572 0.758 0.880 0.945 0.976 0.990 0.996 0.998 0.999 0.058
5 3.780 8.848 0.002 0.005 0.011 0.026 0.059 0.128 0.255 0.445 0.652 0.815 0.912 0.960 0.983 0.993 0.997 0.033
6 0.002 0.005 0.012 0.027 0.062 0.133 0.265 0.458 0.664 0.822 0.916 0.962 0.984 0.993 0.997 0.999 0.999 0.119
7 0.006 0.013 0.030 0.067 0.143 0.282 0.479 0.683 0.834 0.922 0.965 0.985 0.993 0.997 0.999 1.000 1.000 0.066
8 0.003 0.007 0.016 0.036 0.079 0.168 0.321 0.526 0.722 0.859 0.934 0.971 0.987 0.995 0.998 0.999 1.000 0.102
9 2.048 4.790 0.001 0.003 0.006 0.014 0.033 0.073 0.156 0.303 0.504 0.704 0.848 0.929 0.968 0.986 0.994 0.112
10 3.355 7.855 0.002 0.004 0.010 0.023 0.053 0.115 0.233 0.416 0.625 0.796 0.901 0.955 0.980 0.992 0.996 0.055
11 0.003 0.007 0.016 0.037 0.083 0.175 0.332 0.538 0.732 0.865 0.937 0.972 0.988 0.995 0.998 0.999 1.000 0.049
12 1.728 4.046 9.471 0.002 0.005 0.012 0.028 0.063 0.135 0.268 0.462 0.668 0.825 0.917 0.963 0.984 0.993 0.119
13 8.869 0.002 0.005 0.011 0.026 0.058 0.126 0.252 0.441 0.649 0.812 0.910 0.960 0.982 0.992 0.997 0.999 0.025
14 0.005 0.011 0.026 0.058 0.126 0.252 0.441 0.649 0.812 0.910 0.960 0.982 0.992 0.997 0.999 0.999 1.000 0.165
15 0.027 0.061 0.131 0.262 0.453 0.660 0.820 0.914 0.962 0.983 0.993 0.997 0.999 0.999 1.000 1.000 1.000 0.232
16 7.093 0.002 0.004 0.009 0.021 0.048 0.105 0.215 0.391 0.601 0.779 0.892 0.951 0.978 0.991 0.996 0.998 0.023
17 0.007 0.017 0.039 0.086 0.180 0.340 0.547 0.739 0.869 0.939 0.973 0.988 0.995 0.998 0.999 1.000 1.000 0.139
18 0.001 0.003 0.006 0.014 0.032 0.071 0.152 0.296 0.496 0.697 0.844 0.927 0.967 0.986 0.994 0.997 0.999 0.054
19 3.472 8.127 0.002 0.004 0.010 0.024 0.054 0.118 0.239 0.424 0.633 0.802 0.904 0.957 0.981 0.992 0.997 0.060
20 6.627 0.002 0.004 0.008 0.020 0.045 0.099 0.204 0.375 0.584 0.767 0.885 0.948 0.977 0.990 0.996 0.998 0.019
21 0.005 0.012 0.027 0.062 0.133 0.265 0.458 0.664 0.822 0.916 0.962 0.984 0.993 0.997 0.999 0.999 1.000 0.078
22 2.347 5.496 0.001 0.003 0.007 0.016 0.037 0.083 0.175 0.332 0.538 0.732 0.865 0.937 0.972 0.988 0.995 0.068
23 0.027 0.061 0.131 0.262 0.453 0.660 0.820 0.914 0.962 0.983 0.993 0.997 0.999 0.999 1.000 1.000 1.000 0.233
24 0.004 0.008 0.019 0.043 0.096 0.199 0.367 0.576 0.761 0.882 0.946 0.976 0.990 0.996 0.998 0.999 1.000 0.041
25 0.003 0.006 0.014 0.031 0.070 0.150 0.292 0.492 0.694 0.841 0.926 0.967 0.986 0.994 0.997 0.999 1.000 0.043
26 0.003 0.008 0.017 0.040 0.089 0.185 0.348 0.555 0.745 0.873 0.941 0.974 0.989 0.995 0.998 0.999 1.000 0.103
27 0.013 0.030 0.067 0.143 0.282 0.479 0.683 0.834 0.922 0.965 0.985 0.993 0.997 0.999 1.000 1.000 1.000 0.100
28 7.855 0.002 0.004 0.010 0.023 0.053 0.115 0.233 0.416 0.625 0.796 0.901 0.955 0.980 0.992 0.996 0.998 0.044
29 2.736 6.405 0.002 0.004 0.008 0.019 0.043 0.096 0.199 0.367 0.576 0.761 0.882 0.946 0.976 0.990 0.996 0.075
30 6.856 0.002 0.004 0.009 0.020 0.046 0.102 0.210 0.383 0.593 0.773 0.889 0.949 0.978 0.990 0.996 0.998 0.076
31 5.686 0.001 0.003 0.007 0.017 0.039 0.086 0.180 0.340 0.547 0.739 0.869 0.939 0.973 0.988 0.995 0.998 0.022
32 8.173 1.914 4.481 0.001 0.003 0.006 0.013 0.031 0.069 0.148 0.289 0.487 0.690 0.839 0.924 0.966 0.985 0.145
33 1.614 3.780 8.848 0.002 0.005 0.011 0.026 0.059 0.128 0.255 0.445 0.652 0.815 0.912 0.960 0.983 0.993 0.098
34 9.154 0.002 0.005 0.012 0.027 0.061 0.131 0.262 0.453 0.660 0.820 0.914 0.962 0.983 0.993 0.997 0.999 0.022
35 3.716 8.699 0.002 0.005 0.011 0.026 0.058 0.126 0.252 0.441 0.649 0.812 0.910 0.960 0.982 0.992 0.997 0.034
36 0.001 0.003 0.006 0.013 0.031 0.069 0.148 0.289 0.487 0.690 0.839 0.924 0.966 0.985 0.994 0.997 0.999 0.019
37 0.002 0.005 0.012 0.029 0.065 0.139 0.275 0.470 0.675 0.830 0.919 0.964 0.984 0.993 0.997 0.999 1.000 0.063
38 2.879 6.740 0.002 0.004 0.009 0.020 0.045 0.100 0.207 0.379 0.588 0.770 0.887 0.948 0.977 0.990 0.996 0.058
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39 5.883 0.001 0.003 0.008 0.017 0.040 0.089 0.185 0.348 0.555 0.745 0.873 0.941 0.974 0.989 0.995 0.998 0.034
40 3.716 8.699 0.002 0.005 0.011 0.026 0.058 0.126 0.252 0.441 0.649 0.812 0.910 0.960 0.982 0.992 0.997 0.036
41 7.215 0.002 0.004 0.009 0.021 0.048 0.107 0.218 0.395 0.605 0.782 0.894 0.952 0.979 0.991 0.996 0.998 0.018
42 1.728 4.046 9.471 0.002 0.005 0.012 0.028 0.063 0.135 0.268 0.462 0.668 0.825 0.917 0.963 0.984 0.993 0.089
43 0.008 0.019 0.043 0.094 0.196 0.363 0.572 0.758 0.880 0.945 0.976 0.990 0.996 0.998 0.999 1.000 1.000 0.161
44 0.007 0.017 0.039 0.086 0.180 0.340 0.547 0.739 0.869 0.939 0.973 0.988 0.995 0.998 0.999 1.000 1.000 0.166
45 0.001 0.003 0.007 0.016 0.037 0.083 0.175 0.332 0.538 0.732 0.865 0.937 0.972 0.988 0.995 0.998 0.999 0.028
46 5.312 0.001 0.003 0.007 0.016 0.036 0.081 0.170 0.325 0.530 0.725 0.861 0.935 0.971 0.988 0.995 0.998 0.030
47 2.783 6.515 0.002 0.004 0.008 0.019 0.044 0.097 0.201 0.371 0.580 0.764 0.883 0.947 0.977 0.990 0.996 0.017
48 0.001 0.003 0.006 0.013 0.031 0.069 0.148 0.289 0.487 0.690 0.839 0.924 0.966 0.985 0.994 0.997 0.999 0.053
49 1.385 3.243 7.592 0.002 0.004 0.010 0.022 0.051 0.111 0.227 0.408 0.617 0.790 0.898 0.954 0.980 0.991 0.065
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Discussion
Cognitive diagnostic assessment is generally said to be a useful way to examine 
validation of test items (Tatsuoka, Corter, & Tatsuoka, 2004). The approach used in this 
study tests validation of cognitive attributes required by each item across all ability 
levels. To do this, the method requires item position parameters from Rasch or IRT 
models and correctly identified attributes by experts in the area. The idea behind the 
model is to overcome the difficulty in obtaining data on student performance on an
individual attribute. With information about student performance on an individual 
attribute in hand, instruction can be tailored to the individual attributes level and then to 
overall success on item solution. With the LSDM, the present study investigated the 
validation of cognitive attributes on TIMSS-2007 items for Turkish students. The 
attributes used in this paper were based on prior research by using the three types of 
attributes defined by Tatsuoka and her associates. First, the cognitive validation of the 
items was evaluated using the 27 initially-identified attributes. Once independent 
responses of experts were collected, a lack of variability was found resulting in deletion 
of seven of the attributes. In addition to this, two of the items were deleted due to a lack 
of variability. The degree of the LSDM recovery of ICC was then assessed for the 49 
items. Additionally, item parameters for both international and Turkish students were 
analyzed in order to assess the correlation between those parameters and so the 
generalizability of results. 
The results showed the validation of cognitive attributes for the test with respect 
to the 20 revised attributes. The monotonic decrease of LSDs across ability levels 
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demonstrated that it was unlikely that different cognitive strategies had been employed by 
different ability students, and that the higher ability students applied the attributes more 
accurately and consistently . The APCs generally indicated relative attribute difficulties 
and clear discriminations. The LSDM recovery of ICCs showed that on average, 71% of 
the items were recovered well by the attribute probabilities, revealing that the most of the 
49 items could be substantially explained by the identified attributes. But the LSDM 
recovery also suggested that there is need for modifying attributes for some items such as 
Items 3, 6, 8, 9, 12, 14, 15, 17, 23, 26, 27, 43,and 44, because they were not explained 
very well by the attributes. 
With respect to the three categories of attributes, the present research generated 
some useful results. It was found that identifying the content attributes was easier than 
identifying the cognitive process and skill attributes. The MAD values also showed that 
the content attributes accounted better for the items than the other two kinds of attributes 
and so, the LSDM recovery of ICCs was more accurate for content attributes. The 
findings exhibited that although all attributes together contributed to the correct response 
for an item, their overlap might lead to unclear results. Some of the attributes include the 
same mastery areas. For example P7 and S3 are overlapping on usage of figures and 
graphs. This shows that it might not be reasonable to combine different types of attributes 
in one analysis. The most difficult attribute for students to master was C4 (basic concepts 
and operations in two-dimensional geometry). This indicates that Turkish students’ level 
of mastery is not sufficient in geometry. Teachers should consider concentrating on 
students geometry knowledge, in order to get better outcomes.
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To assess the stability of results, it is suggested that in future study an LSDM 
analysis be run with a random Q-matrix or with Q-matrices of experts run separately. In 
addition to this, an aggregate Q-matrix can be iteratively revised for poor items to
decrease the MAD and increase the multiple correlation between attributes and item 
difficulties. If an item could be written to uniquely address a specific attribute, these
results would provide concurrent validation evidence and could be the best scenario to 
see how well students are doing on certain attributes. It is feasible that items might be 
constructed for content attributes and less so for process and skill attributes, which are 
conveyed via a content item. Thus process and skill attributes would be overlaid on 
content.
This study was well developed with a large sample of students and the findings 
represented most of the released items in the mathematics test for the eighth grade in 
Turkey. But some caveats should be considered. The first limitation is the selection of the 
attributes used in this research. With respect to the cognitive model, if the same attributes 
are shown as relevant for two different items, the item difficulties of the two items should 
be close. Therefore, large differences in item difficulties would signify the 
misspecification or inadequacy of the chosen attributes for the items. Because of this, 
items 2 (b = .42) and 3 (b = -1.08), items 23 (b = -1.89) and 28 (b = .20), and items 27 (b 
= -1.45) and 33 (b = 1.13) were flagged for potential problems in the specification of the 
attributes since similar attributes were identified but the logit difficulties were very 
different. Additionally, to clearly see the relationship between items and attributes, 
simple attributes are better than complex attributes. 
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Moreover, no guessing or omissions were taken into account in the LSDM 
(Dimitrov, 2007). In the current study, since the results from the IRT model showed that 
most of the items were beyond the students’ abilities, it is reasonable that there were slips 
and guessing. Students at lower ability levels might guess at some items. Nevertheless, 
these problems with the LSDM were not taken into account in this study. Future studies 
might consider mistakes and guessing with the LSDM.
As a result of this study, educators in Turkey should note that students have 
weaker knowledge in geometry (C4), graphics, charts, figures (P7), rule application in 
algebra (P4), and data management (P9). This study showed that students’ levels of 
mastery of cognitive attributes are important in order to get better results at the 
international level. Outcomes of education need to meet international criteria and the 
needs of a global economy. Since economic relationships are becoming more global in 
the world, it is more important than ever to succeed at the international level.
Industrialization of the country is very important to supply more jobs to 
unemployed members of the younger generation. During its development process, 
educational policies must shape Turkey’s steps. This study shows that students have 
weak levels of mastery in certain areas, some of which are related to engineering and 
physical sciences. The results indicates that the administrators of educational systems in 
Turkey should consider groundbreaking changes in teaching geometry, because geometry 
may enable teaching of important mathematical thinking skills which are needed in 
physical science and engineering. These skills are of course very important in
maintaining technological development in today’s global industries (see Attributes C4, 
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P2, and S6). Furthermore, students are not good at reading figures, graphs and tables. 
Also, the results are not good enough in basic algebra for a country that is on its way to 
taking part in the European Union. Teachers might choose to focus on cognitive process 
attributes more because they were four of the seven most difficult attributes. Improving 
students’ processing levels could produce better results at the international level. 
For example, to improve mastery of  attribute C4, teachers could consider student-
centered learning theories. Instead of saying what a triangle is, they might give examples 
from students’ lives. Students could participate in several activities during their classes, 
which is possible if classrooms are not overcrowded. The number of students in one class 
should not be more than 24 students (EU Criteria). In addition, although the average
number of students per teacher for Turkish 8th grade classrooms is lower than in many 
European countries, the Turkish government should balance it throughout the country. 
There are some areas where there are around 50-55 students in a classroom. There are 
also some areas where there are only 10-12 students in a classroom. The government 
should build new schools in more crowded areas of the country to allow greater use of 
class activities. Districts must also supply class activity materials to schools. Although
eight years of education in elementary schools is compulsory and free for all students, 
schools are struggling with economic hardships. The ministry of national education 
should revise its financial role in compulsory education system. Districts should supply 
money that schools can use for materials based on the number of students attending.
A country’s development is highly connected to its curricula. Better quality 
outcomes from the educational system can only be supplied by better quality curricula. 
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The results of the present study could help teachers and curriculum developers ensure 
that the utilized educational policies and methodologies would help students to improve 
their cognitive mastery levels.
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Appendix
The Content, Cognitive Process and Skill Attributes for the TIMSS-R (1999)
Content attributes 
C1 Basic concepts and operations in whole numbers and integers 
C2 Basic concepts and operations in fractions and decimals 
C3 Basic concepts and operations in elementary algebra 
C4 Basic concepts and operations in two-dimensional geometry 
C5 Data, probability, and basic statistics 
C6 Measuring or estimating: length, time, angle, temperature, etc. 
Cognitive Process attributes 
P1 Translate/formulate equations and expressions to solve a problem 
P2 Computational applications of knowledge in arithmetic and geometry 
P3 Judgmental applications of knowledge in arithmetic and geometry 
P4 Applying rules in algebra 
P5 Logical reasoning-includes case reasoning, deductive thinking skills, if-then, 
necessary and sufficient, generalization skills (Deleted)
P6 Problem search; analytic thinking, problem restructuring; inductive thinking 
(Deleted)
P7 Generating, visualizing, and reading figures and graphs 
P8 Applying and evaluating mathematical correctness 
P9 Management of data and procedures 
P10 Quantitative and logical reading 
Skill (item type) attributes 
S1 Unit conversion 
S2 Apply number properties and relationships; number sense/number line 
S3 Using figures, tables, charts, and graphs 
S4 Approximation/estimation (Deleted)
S5 Evaluate/verify/check options (Deleted)
S6 Patterns and relationships (inductive thinking skills) 
S7 Using proportional reasoning 
S8 Solving novel or unfamiliar problems (Deleted)
S9 Comparison of two/or more entities 
S10 Open-ended items, in which an answer is not given (Deleted)
S11 Understanding verbally posed questions  (Deleted)
